INTRODUCTION
============

Although a great technical evolution in the field of bariatric surgery has led to the introduction of various surgical and endoscopic procedures, the 2 most popular bariatric procedures remain laparoscopic vertical sleeve gastrectomy (SG) and laparoscopic Roux-en-Y gastric bypass (RYGB) \[[@B1]\]. Because of a shortened operative time, the lack of anastomoses and the decreased extent of dissection, SG is usually regarded as a simpler and less invasive procedure than RYGB \[[@B1][@B2][@B3]\]. However, there has been ongoing debate concerning procedural superiority in terms of complication rates or mortality, as well as in terms the efficacy in weight loss and resolution of metabolic comorbidities \[[@B4][@B5][@B6][@B7][@B8][@B9]\].

There have been studies reporting on the preoperative risk factors of postoperative complications or mortalities after bariatric surgery. DeMaria et al. \[[@B10]\] published the Obesity Surgery Mortality Risk Score (OS-MRS). However, some later studies failed to replicate the OS-MRS and reported additional risk factors \[[@B11][@B12][@B13][@B14][@B15][@B16]\]. Therefore, we performed further analysis using more recent data in an effort to identify predictors of surgical complications with the goal of defining clinical predictors that could subsequently be used in risk reduction.

A grading system named the Clavien-Dindo classification, which can objectively describe surgical complications as five grades according to severity, regardless of operation type, was published in 2004 \[[@B17]\]. After the introduction of the Clavien-Dindo classification, only a few articles have reported the predictive factors of surgical complications or mortality after bariatric surgery and the distribution of Clavien-Dindo grade between RYGB and SG \[[@B18][@B19][@B20]\]. In this study, we performed further analysis according to the Clavien-Dindo classification to identify risk factors of severe early complications.

METHODS
=======

Patient selection and data collection
-------------------------------------

From January 2011 to October 2015, a total of 772 patients diagnosed with morbid obesity meeting National Institutes of Health criteria for bariatric surgery underwent RYGB and SG, including all laparoscopic, open, primary, or revisional procedures. All consecutive patients with a minimal follow-up of 1 month were enrolled in this retrospective review. The adolescent patients, whose age at the time of the surgery was less than 18 years old, and the geriatric patients, more than 80 years old, were excluded from this study. Patients undergoing a gastric band or other types of bariatric surgery were likewise excluded from analysis.

Patients\' medical records were reviewed retrospectively. Patient demographic characteristics were recorded along with clinical, surgical, and postoperative complication characteristics. Clinical findings were obtained, such as presence of preoperative morbidity, including cardiovascular, pulmonary, or endocrine disease, history of previous abdominal or chest surgery, smoking or other nicotine use, American Society of Anesthesiologists (ASA) physical status classification, age, sex, initial height and weight, laboratory findings such as albumin and hematocrit, and preoperative body mass index (BMI). Surgical findings, such as presence of open conversion, operative time, intraoperative blood loss, combined organ resection, type of operation, and prophylactic antibiotics usage were also included. Complication findings, such as reoperation, readmission, postoperative intensive care unit admission, 30-day postoperative complication according to the Clavien-Dindo classification, surgical outcomes, and 30-day postoperative mortality were captured. This study was approved by the Institutional Review Board of the Oregon Health & Science University (OHSU, study 00016956). A waiver of informed consent was requested, and approval was obtained.

Operative care and follow-up
----------------------------

All patients had undergone preoperative evaluation, to include medical history, psychosocial history, physical examination, and laboratory testing to assess surgical risk. The preoperative assessment of all patients was multidisciplinary, to include the department of surgery, endocrinology, psychiatry, and anesthesiology. The patients underwent a rigorous dietary counseling education, medical optimization, and completion of the bariatric pathway at OHSU. Bariatric surgery was performed by five experienced bariatric surgeons at a single tertiary teaching institution. Using a standardized postoperative protocol, all patients were routinely managed. Postoperative care included prophylaxis for venous thromboembolism in all patients, including both low molecular weight heparin and sequential compression devices during the hospital stay. A clear liquid meal program was initiated with monitoring and counselling within 24 hours after any of the bariatric procedures. All patients were hospitalized for at least 24 hours and patients without complications were discharged any time thereafter. Postoperative contrast studies were not obtained routinely and drain placement was not routine. All patients were scheduled for follow-up 1 week after discharge. Use of Foley catheters varied between providers, but when used, was routinely discontinued on postoperative day 1. Patients were required to ambulate on the day of surgery, ideally within 4 hours of arrival at the surgical ward.

Statistical analysis
--------------------

The primary endpoint was early complication, which was defined as presence of any 30-day complications according to Clavien-Dindo classification \[[@B15]\]. These complications were categorized as moderate complications in Clavien-Dindo grades II or less, and Clavien-Dindo grades III, IV, and V were considered severe complications. The secondary endpoint was severe early complication of Clavien-Dindo grade III or more. Patients who experienced more than one complication were classified according to the highest grade of complications.

All statistical analyses were performed by using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). Quantitative results are expressed as mean ± standard deviation. Continuous variables, such as age, BMI, weight, and operative time were analyzed by using the Student t-test. The continuous variables such as BMI and age were converted into dichotomous variables. Categorical variables were analyzed by using the chi-square test or Fisher exact test. Binary logistical regression was used to detect the independent risk factors of surgical complications. All variables with P \< 0.25 in the univariate analyses were included in the multivariate analysis. This multivariate regression model examined dichotomous outcomes and their associated risk factors. The relationship between the number of comorbid risk factors and severe complication rate was assessed using Pearson correlation coefficient. P \< 0.05 was considered to indicate statistical significance.

RESULTS
=======

Patient characteristics and surgical outcome
--------------------------------------------

During the study period, 381 and 391 patients with morbid obesity underwent SG and RYGB as weight loss procedures, respectively ([Table 1](#T1){ref-type="table"}). The number of SG continued to rise annually with gradual decline of RYGB since 2011 (P \< 0.001). Distribution of age, sex, BMI, and surgical approach were similar with no statistically significant difference between SG group and RYGB group. The patients who underwent RYGB had significantly higher ASA physical status classification and higher incidence of comorbidities such as dyslipidemia, hypertension, obstructive sleep apnea and gastroesophageal reflux disease than patients who underwent SG.

Overall postoperative early complication rates were 8.2%. Complications occurred in 5.5% and 10.7% patients following SG and RYGB, respectively (P = 0.008) ([Table 2](#T2){ref-type="table"}). However, there was no significant difference in incidence of severe complications between the groups (2.1% for SG vs. 2.3% for RYGB, P = 0.848) ([Table 3](#T3){ref-type="table"}). The most frequent type of complication was superficial wound infection in both groups ([Table 3](#T3){ref-type="table"}). There was no significant difference in 30-day mortality (P = 0.494).

Risk factors of early complications after SG and RYGB
-----------------------------------------------------

To find the association between the independent variables, such as demographic, operative data, or comorbidity variables, and severe complications, univariate analysis was performed ([Table 4](#T4){ref-type="table"}).

The risk factors associated with severe complication were male sex, open bariatric surgery, revisional bariatric surgery, long operative time of \> 120 minutes in SG, smoker within the last year, ASA physical status classification ≥ III, and preoperative morbidities such as chronic obstructive pulmonary disease (COPD), pulmonary thromboembolism, hypertension, previous abdominal surgery, therapeutic anticoagulation, and abnormal serum albumin \< 3.5 g/dL ([Table 4](#T4){ref-type="table"}). When based on the number of these factors, there was a positive correlation between the number of comorbidities and severe complication rates (correlation efficient = 0.239, P \< 0.001).

As shown in [Table 5](#T5){ref-type="table"}, independent risk factors of severe complication after these procedures include male sex, open surgery, hypertension, and abnormal serum albumin \< 3.5 g/dL.

Type of complication according to risk factors after SG and RYGB
----------------------------------------------------------------

The relationship between type of complication and specific risk factors that had statistical significance on multivariate analysis was assessed.

In order to assess the impact of serum albumin levels on the type of postoperative complication, serum albumin levels were categorized as 3 groups with reference value of 3.5 to 5.3 mg/dL ([Fig. 1](#F1){ref-type="fig"}). The serum albumin levels had statistical association with overall complication rate (odds ratio \[OR\], 3.22; P = 0.038) and severe complication rate (P \< 0.001) ([Table 4](#T4){ref-type="table"}). Low preoperative serum albumin level had statistical association with the occurrence of deep surgical site infections (P \< 0.001) and leaks (P \< 0.001), but not for superficial surgical site infection (P = 0.732), respiratory complications (P = 0.427), and urinary tract infections (P = 0.821). In addition, other significant risk factors, such as hypertension and male sex, had no statistical associations with the occurrence of any specific type of complication.

Open surgery had a statistical association with overall complication rate (OR, 5.13; P = 0.015) and severe complication rate (P = 0.015) ([Table 4](#T4){ref-type="table"}). When compared with the laparoscopic approach, open surgery had statistically significant associations with the occurrence of superficial surgical site infection (P \< 0.001), deep surgical site infection (P = 0.005), and respiratory complication (P = 0.001), but not for urinary tract infection (P = 0.400) or leak (P = 0.199) ([Fig. 2](#F2){ref-type="fig"}).

Type of complication according to risk factors after laparoscopic SG or RYGB
----------------------------------------------------------------------------

In order to identify significant risk factors according to separate group based on surgical procedure or approach, the cases with laparoscopic primary SG or RYGB were analyzed.

Complications occurred in 3.5% and 9.5% patients following laparoscopic SG and laparoscopic RYGB, respectively (P = 0.001) ([Table 6](#T6){ref-type="table"}). However, there was no significant difference of incidence of severe complication between the groups (1.1% for SG *vs.* 1.1% for RYGB, P = 0.752).

The risk factors associated with severe complication after laparoscopic primary SG included male sex, preoperative BMI ≥ 60 kg/m^2^, RYGB, smoker within the last year, deep vein thrombosis, therapeutic anticoagulation, and abnormal serum albumin \< 3.5 g/dL ([Table 6](#T6){ref-type="table"}). However, independent risk factors of severe complication after laparoscopic SG were not identified ([Table 7](#T7){ref-type="table"}). None of risk factors after laparoscopic SG had statistical associations with the occurrence of specific type of complication.

The risk factors associated with severe complication after laparoscopic primary RYGB included smoker within the last year, COPD, previous abdominal surgery, abnormal serum albumin \< 3.5 g/dL, and anemia ([Table 8](#T8){ref-type="table"}). Independent risk factors of severe complication after laparoscopic RYGB included previous abdominal surgery ([Table 9](#T9){ref-type="table"}). Previous abdominal surgery had statistical association with the occurrence of deep surgical site infections (P = 0.001) and leaks (P = 0.017), but not for superficial surgical site infection (P = 0.372), respiratory complications (P = 0.570), or urinary tract infections (P = 0.162) ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

Bariatric surgery is currently considered the most efficient method of treatment for morbid obesity \[[@B1][@B2]\]. As is well known, bariatric surgery provides more durable weight loss and resolution of metabolic comorbidities, and these are 2 critical factors in support of surgical intervention \[[@B18][@B19]\]. With regard to procedural safety, outcome of these operations has markedly improved. A better understanding and optimization of risk factors may be helpful in predicting operative risk before bariatric surgery and dealing with the adverse event.

A risk stratification system evaluating possible postoperative complications after bariatric surgery was first proposed in 2007, along with five preoperative predicting factors; advanced age ≥ 45 years, superobesity of BMI ≥ 50 kg/m^2^, hypertension, male sex, and risk factors for pulmonary thromboembolism such as pulmonary hypertension, previous pulmonary thromboembolism, vena cava filter or hypoventilation of PaCO~2~ ≥ 45 mmHg \[[@B10]\]. Thereafter, articles discussing factors which predict complications or mortality after bariatric surgery have been on the increase, but later studies have reported a variety of risk factors with no solid conclusion \[[@B11][@B12][@B13][@B14]\]. Furthermore, a major contributor to confounding conclusions has been the variability in objectively quantifying postoperative complications \[[@B8][@B13][@B16][@B18][@B21]\]. Therefore, Clavien-Dindo classification was utilized for consistent and objective grading of postoperative complications in this study. Clavien grade III or more was referred to as severe complication according to presence of additional endoscopic or surgical intervention.

The statistically relevant risk factors predicting overall or severe complication included older age \[[@B10][@B22][@B23]\], superobesity of BMI \[[@B10][@B11][@B13][@B14][@B22]\], male sex \[[@B10][@B13][@B23][@B24]\], ASA physical status classification \[[@B25]\], functional status of partial dependence \[[@B11][@B14][@B22][@B25]\], open approach \[[@B25][@B26][@B27]\], type of bariatric procedure \[[@B14][@B21][@B25]\], smoking \[[@B28]\], early surgeon experience or hospital volume \[[@B11][@B24]\], operative time \[[@B27]\], prophylactic antibiotics usage \[[@B24]\], and comorbid disease such as COPD \[[@B23][@B28]\], dyslipidemia \[[@B21]\], hypertension \[[@B10][@B14][@B23][@B25]\], diabetes \[[@B13][@B23]\], anemia \[[@B13][@B23]\], hypoalbuminemia \[[@B22]\], congestive heart failure \[[@B13]\], recent angina \[[@B14]\], depression \[[@B23]\], pulmonary thromboembolism \[[@B10][@B11]\], obstructive sleep apnea \[[@B11]\], deep vein thrombosis \[[@B11]\], chronic steroid use \[[@B13]\], liver disease \[[@B13]\], bleeding disorder \[[@B14]\], and stroke \[[@B14]\]. Similarly, male gender, open surgery, revisional surgery, long operative time of \>120 minutes in SG, smoker within last year, ASA physical status classification ≥ III, COPD, pulmonary thromboembolism, hypertension, previous abdominal surgery, therapeutic anticoagulation and abnormal serum albumin \< 3.5 g/dL were identified as risk factors associated with severe complication in our study.

There are few articles regarding type of complication according to the critical risk factors. With regard to the type of procedure, Hutter et al. \[[@B29]\] reported that laparoscopic SG has higher rates of organ space infection, renal insufficiency, and sepsis but lower rates of ventilator dependence when compared to laparoscopic RYGB. In addition, operative time, conversion and age were reported as risk factors for leak in laparoscopic SG \[[@B30]\]. In our study, preoperative hypoalbuminemia had significant associations with occurrence of deep surgical site infection and leak. Open approach had significant associations with occurrence of superficial surgical site infection, deep surgical site infection, and respiratory complication. However, hypertension, male sex and type of bariatric procedure had no relationship with occurrence of the specific type of complication. Except in cases of revision or open surgery, previous abdominal surgery had significant associations with occurrence of deep surgical site infection and leak after laparoscopic RYGB. However, in cases of laparoscopic primary SG, none of the risk factors had statistical associations with the occurrence of any specific type of complication. More research needs to be done to better understand the relationship between type of complication and risk factors.

There has been a worldwide shift in procedure selection toward SG for reasons of superior simplicity \[[@B1]\]. In this institution, there were steadily increasing numbers of patients undergoing SG from 2010 to 2015. Nevertheless, it seems difficult to form solid conclusions about the superiority of SG or RYGB in efficacy and feasibility due to confounding conclusions from previous publications \[[@B4][@B5][@B6][@B7][@B8][@B9]\]. Many studies report better safety profiles in SG than in RYGB \[[@B4][@B5][@B19][@B20]\]. Trastulli et al. \[[@B20]\] reported that complication rates of laparoscopic RYGB (20.9%) were higher than that of laparoscopic SG (12.9%) through a systematic review of randomized controlled trials over a 5-year period. In addition, Leyba et al. \[[@B19]\] also reported that laparoscopic RYGB (21.2%) had a higher incidence of major complications than laparoscopic SG (11.1%). Furthermore, Lorente et al. \[[@B21]\] reported that the probability of suffering complications after laparoscopic RYGB is five times higher than after laparoscopic SG (OR, 5.63; 95% confidence interval, 1.52--13.51) (P = 0.007).

On the other hand, relatively recent articles have demonstrated similar, or even fewer incidence of reoperation, readmission and mortality in RYGB, when compared to SG \[[@B7][@B8][@B9][@B18]\]. Melissas et al. \[[@B9]\] reported that an early postoperative complication rate of 3.02% for RYGB was significantly higher than 2.12% seen after SG (P \< 0.001), but both procedures were performed with very low complication and reoperation rates. In addition, the SG group had significantly higher reoperation rates (75.72%) from the readmitted patients than that of the RYGB group (50.5%). Moreover, Goitein et al. \[[@B16]\] demonstrated that no significant difference was found between the groups regarding overall and complication grade-specific rates. Early complications occurred in 3.7% and 4.3% of patients following laparoscopic SG and laparoscopic RYGB, respectively (P = 0.9). In addition, Peterli et al. \[[@B5]\] reported, through a randomized controlled trial, that there was no statistically significant difference in 30-day complication between laparoscopic RYGB (17.2%) and laparoscopic SG (8.4%) (P = 0.067) as well as severe complication (P = 0.21). Furthermore, after a 3-year follow-up, the same authors reported that there was no statistically significant difference of 1-month to 3-year complications between laparoscopic RYGB (15%) and laparoscopic SG (8%) (P = 0.15) as well as reoperation rate (P = 0.15) and long-term complication such as vitamin deficiencies (P = 0.59) \[18\]. In this study, laparoscopic primary RYGB complication rate (9.5 %) was higher than that of laparoscopic primary SG (3.5 %). However, there was no significant difference in incidence of severe complications between the groups (1.1 % for both, P = 0.752) ([Table 6](#T6){ref-type="table"}).

There are several limitations to this study. First of all, it is a retrospective study. Therefore, a prospective randomization of patients to either SG or RYGB might have yielded different respective complication rates or different conclusions about risk factors. Also, there was some missing data about gender in the course of data processing. Second, only 30-day complication and mortality were included in this study. Although most severe complications happen within the first 30 days postoperatively, that can result in underestimation of real risk. Third, the patients who had revisional operation were included. Exclusion of revision cases did cause different conclusions about the risk of the 2 operations. Fourth, significant risk factors were not well identified according to separate groups based on surgical procedure or approach. The size of the study group may limit the detection of clinically important factors. Nevertheless, this study has several advantages such as the use of more recent data - since 2010, the use of universally accepted Clavien-Dindo classification and, in particular, analysis of types of complication according to significant risk factors.

In conclusion, recognition and optimization of these risk factors, particularly male sex, open surgery, hypertension, serum albumin, and previous abdominal surgery, may predict operative risk preoperatively and improve outcomes.
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###### Baseline demographic characteristics of the study cohort
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Values are presented as mean±standard deviation or number (%).

ASA PS, American Society of Anesthesiologists physical status.

^\*^P \< 0.05, significant difference.

###### Postoperative outcomes of the study cohort
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Values are presented as mean±standard deviation or number (%).

^\*^P \< 0.05, significant difference.

###### Postoperative 30-day complications distribution by Clavien-Dindo classification grade
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Values are presented as number (%) or number.

^\*^P \< 0.05, significant difference.

###### Risk factors for severe complication
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ASA PS, American Society of Anesthesiologists physical status.

^a)^The percentage of the patient with severe complication among the risk cohort. ^\*^P \< 0.05, significant difference.

###### Multivariate analysis by the binary logistic regression for severe complication
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ASA PS, American Society of Anesthesiologists physical status.

^\*^P \< 0.05, significant difference.

###### Risk factors for severe complication of laparoscopic sleeve gastrectomy
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ASA PS, American Society of Anesthesiologists physical status.

^a)^The percentage of the patient with severe complication among the risk cohort. ^\*^P \< 0.05, significant difference.

###### Multivariate analysis by the binary logistic regression for severe complication of laparoscopic sleeve gastrectomy
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ASA PS, American Society of Anesthesiologists physical status.

###### Risk factors for severe complication of laparoscopic Roux-en-Y gastric bypass
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ASA PS, American Society of Anesthesiologists physical status.

^a)^The percentage of the patient with severe complication among the risk cohort. ^\*^P \< 0.05, significant difference.

###### Multivariate analysis by the binary logistic regression for severe complication of laparoscopic Roux-en-Y gastric bypass
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^\*^P \< 0.05, significant difference.
